ABSTRACT Humans typically consume "natural agents" that are believed to be chemoprotective and are known to decrease inflammation biomarker NF-κB in vitro; however, no intervention studies in humans have been done to date. This commentary documents the in vivo results as a powerful example for supporting the superiority of a complex mixture of natural agents. Human volunteers consumed two 500 mg capsules (BID) containing a mixture of natural agents for a period of 2 weeks, and blood samples were collected pre-and post-intervention. The purified lymphocytes were subjected to ex-vivo exposure to TNF-α or kept as untreated control. The mean NF-κB DNA binding activity was increased upon TNF-α treatment in pre-intervention samples; however, TNF-α was unable to induce NF-κB in post-intervention samples, suggesting that the mixture of four important natural agents could be useful to protect humans against oxidative stress.
INTRODUCTION
Despite significant progress over the last 35 years to find a cure for cancer, this disease still remains a major public health problem, suggesting that prevention of cancer by employing multiple strategies could be the appropriate answer to solve this major public health issue. Moreover, because the incidence of cancer remains a major challenge for public health, chemoprevention by use of non-toxic dietary compounds is becoming a practical alternative for decreasing the prevalence of cancer. Many preclinical and clinical studies have demonstrated the beneficial effects of several powerful compounds, most of which function as pleiotropic agents, although one common target appears to be NF-κB, a transcription factor that plays important roles in the control of cell growth, differentiation, and apoptosis (1) . Moreover, accumulating evidence from populationbased and laboratory studies suggests that regular consumption of fruits and vegetables is inversely associated with the risk of certain malignancies (1, 2) . Previous studies from our laboratory have shown that soy isoflavone is a potent agent which can abrogate the TNF-α-induced activation of the DNA binding activity of NF-κB in lymphocytes of human volunteers (3) and that NF-κB is a legitimate target of natural agents as documented by many studies (1, (4) (5) (6) . Many studies have shown the beneficial effects of natural agents individually; however, to date, no such studies have attempted to show the biological activity of the combination of several biologically active natural agents. Since humans usually ingest a complex diet containing a mixture of several natural agents, such studies are warranted.
In our recent studies, we have shown that a specially formulated mixture of four active natural agents is biologically active, whereas the similar concentration of each independently had little or no activity in cell culture studies in vitro, suggesting that this combination could be superior compared to single agents for further studies (7) . Therefore, a proof-of-concept pilot study was done to examine whether the consumption of our formulated 500-mg capsule containing curcumin (150 mg), resveratrol (75 mg), EGCG (150 mg), and soy isoflavone (125 mg) could protect human lymphocytes against oxidative stress induced by ex-vivo exposure of lymphocytes to TNF-α, which could be similar to those observed in our previous human intervention studies using soy isoflavone as a single agent (3) . This commentary shows that in vivo effects of a complex mixture of natural agents can be demonstrated, and such human studies should be the future goal to advance the field in support of the use of natural agents chemoprevention-chemoprotection and other human applications.
STUDY DESIGN AND MAJOR FINDINGS IN SUPPORT OF SIMILAR FUTURE STUDIES IN HUMANS
Since human interventions studies using natural agents are lacking, we have done a pilot proof-of-concept study in 11 normal healthy adults: five males and six females who volunteered to participate. The median age of the 11 participants was 42 years (range 22-58). Their racial distribution was: six Caucasian, one Middle Eastern, and one Asian. The capsule used in this study was formulated by Dr. Fazlul Sarkar and was manufactured and supplied by Vitacost (Vitacost.com, Lexington, NC, USA). The capsule contained 150 mg curcumin (30%), 75 mg resveratrol (15%), 150 mg EGCG (30%) and 125 mg soybean extract (25%). Subjects were considered compliant if at least 80% of intended pills were consumed. After the study was completed, upon questioning, the volunteers experienced no side effects during the study period.
Blood samples were collected (two 8 mL cell preparation tubes (BD, Franklin Lakes, NJ, USA)) and processed immediately on day 1 (pre-intervention) and day 15 (postintervention) of the study. Lymphocytes from the blood were isolated and cultured in RPMI 1640 medium supplemented with 10% FBS (Atlanta Biologicals, Lawrenceville, GA, USA) and 1% penicillin/streptomycin (Invitrogen) for 3 h to repair any damage and then divided into two parts. One was kept at 37°C without any treatment, and the other was treated with 50 ng/mL TNF-α for 20 min, followed by the preparation of nuclear protein extracts following standard procedures and was then subjected to DNA binding activity of NF-κB following our standard procedure (4). Simple spaghetti plots were used to graphically illustrate the individual subject's NF-κB values under various experimental conditions. Descriptive statistics were used to summarize the NF-κB levels. These statistics included the mean and its 80% confidence interval (CI). The 80% confidence level is appropriate for a small pilot study. The statistic of primary interest in an intervention trial is the mean difference over time and pre-/post-intervention. Under each of three different experimental conditions, we computed the mean difference. Each distribution of those differences was highly statistically significantly non-normal, which would invalidate the paired t-test. No transformation could be found that would normalize the difference distribution for all three experimental conditions. Accordingly, the nonparametric Wilcoxon signed-rank test was used to test each of the three mean differences vs. zero. No correction for multiple comparisons was applied to the results, since this is a small pilot study aimed at generating preliminary data of potential value for designing a subsequent confirmatory trial.
Our findings are shown in Fig. 1 , where Fig. 1A represents a typical EMSA result of a compliant subject (samples were taken from subject 11). In this subject, similar to other compliant subjects, the DNA binding activity of NF-κB was increased by TNF-α treatment of pre-intervention lymphocytes relative to pre-intervention samples without TNF-α treatment. TNF-α failed to induce the DNA binding activity of NF-κB in post-intervention sample compared to the pre-intervention samples treated with TNF-α. Supershift (ss) assay was performed (Fig. 1B) using p65 antibody to verify the specificity of the DNA binding activity of NF-κB. As shown in Fig. 2A (where intervention compliance does not yet matter), TNF-α-induced activation of NF-κB among the two non-compliant subjects was comparable to that of the nine compliant subjects. Supershift (ss) analysis with p65 Ab, which was performed using lymphocyte nuclear protein extracts for demonstrating the specificity of the band. Nuclear extract was pre-incubated with anti-phospho-p65 NF-κB-specific Ab for 30 min then ran on 8% polyacrylamide gel.
intervention period or decreased somewhat. One of the two non-compliant subjects showed an aberrant increase. However, with TNF-α present, NF-κB levels typically decreased among the compliant subjects, and both of the two noncompliant subjects showed an aberrant increase (Fig. 2C) . Two of the compliant subjects did have a small increase in NF-κB levels.
The pre-intervention median and mean levels of NF-κB among the nine compliant subjects were higher after TNF-α was applied (Table I ). The mean change was an increase of +14.76 arbitrary OD units which was statistically significantly different from zero (p=0.0195). From the CI, we can be 80% confident that the true mean change in NF-κB was at least +2.59 OD units and at most +26.94 OD units. Our findings revealed that without TNF-α, NF-κB levels were only slightly reduced among the nine compliant subjects and that the mean change of −7.68 OD units was not quite significantly different from zero (p=0.0547). Most importantly, in the presence of TNF-α, NF-κB levels decreased significantly (p=0.0195). The mean change was a decrease of −25.36 arbitrary OD units. We can be 80% confident that the true mean change in NF-κB was a reduction of at least −4.06 OD units and at most −46.65 OD units.
GENERAL DISCUSSION AND THE IMPLICATIONS OF THE CURRENT FINDINGS
This pilot study clearly provides support in favor of a complex mixture of natural agents as a supplement to protect humans against oxidative stress. Since inflammation and oxidative stress are believed to be intimately associated with the etiology of cancer (8), anti-oxidants may be useful for the prevention of cancer. However, this field is highly controversial, and there is no direct evidence showing that anti-oxidant use for a long period of time could prevent the development of cancer in humans. There are many cellular markers that are associated with inflammation and oxidative stress, among which the activation of NF-κB transcription factor is considered the most important. It is involved in the regulation of many downstream genes that are known to control inflammation, cell growth, apoptosis, and cytokine response (9) . Although the exact mechanism by which chemoprotection takes place remains unclear, it has been suggested that inhibiting the expression of critical proinflammatory cytokines, such as TNF-α, could be a potent means by which one could inhibit the activation of NF-κB. Thus, decreasing inflammation in human lymphocytes and other normal organs could provide a protective role against the development of cancer and other chronic diseases. Our previous studies have shown that supplementation with soy isoflavone abrogates NF-κB activation by TNF-α in human lymphocytes (3) . Similar studies have also shown that curcumin, resveratrol, and EGCG, all could individually decrease the activation of NF-κB induced by TNF-α (9), suggesting that the combination of isoflavones, curcumin, resveratrol, and EGCG could be useful for protecting the normal functioning of individuals against inflammation and oxidative stress.
Moreover, we have also demonstrated by in vitro studies that combining chemotherapeutic agents with genistein, a major isoflavone from soybeans, could reduce the required dose of chemotherapeutic agents while still achieving better anticancer outcomes in different types of cancers, such as breast, prostate, pancreatic, and lung cancers (5). These results collectively suggest that supplementation with mixtures of natural agents could improve anti-cancer therapies as well as offer chemoprotection to healthy human lymphocytes in vivo. Taken together, oxidants can trigger inflammatory cell signaling pathways, such as the activation of NF-κB, which may have adverse general health effects if such conditions are not resolved and may lead to the development of chronic diseases, including cancer. Our present study suggests that regular (albeit short-term) dietary consumption of capsules containing curcumin, isoflavones, resveratrol, and EGCG may exert chemoprotective effects on human lymphocytes or even in other normal tissues by inhibiting pro-oxidant-induced activation of NF-κB (Fig. 2C) . Although further in-depth clinical trials are needed, we speculate that by consuming these capsules, one may experience a decrease in free-radical-induced DNA damage, hydrogen peroxide, nitric oxide, and oxidative stress. Thus, these compounds may be able to increase the activity and/or expression of anti-oxidative enzymes, such as glutathione S-transferase (GST), glutathione perioxidase (GPx), NADPH:quinone oxidoreductase (NQO), hemeoxygenase-1 (HO-1), and UDP glucuronosyl transferase (UGT-1A), and thus confer protection against oxidative stress, and may also protect against inflammation, which awaits further investigations, either with this approach or with mixtures of many other natural agents. Overall, our results are consistent with published studies of individual natural agents, suggesting that these polyphenols could function as potential chemoprotective agents by protecting cells from inflammation-induced activation of NF-κB. However, further clinical studies are warranted in order to fully elucidate the mechanisms of chemoprotection of these compounds, especially our formulated capsule, for the maintenance of normal health status.
CONCLUSION
Based on our results, we conclude that our formulated capsule containing a mixture of four important natural agents was well tolerated and could be useful to protect human lymphocytes from oxidative stress, as demonstrated by the disabling of TNF-α-induced activation of the DNA binding activity of NF-κB. Our previous in vitro studies have shown that the combination treatment with these agents was more potent than single agent alone (7); however, no such studies have been documented in humans in vivo. Therefore, our current findings represent the first in vivo evidence in humans showing the beneficial effects of this capsule containing four natural agents that indeed represent a human situation in which humans consume complex foods containing a complex mixture of compounds. This proof-of-concept study represents an example which should guide future studies using complex mixtures of natural agents for prevention and/or treatment of human malignancies.
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